INTRODUCTION
============

Laparoscopic liver resections (LLR) are complex procedures demanding long learning curve, requiring experienced liver surgeons with training in advanced laparoscopy[@B8] ^,^ [@B23]. However, these procedures have become increasingly common in recent years, driven by the good initial results that demonstrate their safety, feasibility, and potential benefits over the open liver resections (OLR)[@B13] ^,^ [@B18] ^,^ [@B26].

The best candidates for LLR are those with lesions located in the anterolateral segments of the liver (segments 2, 3, 4b, 5 and 6), also known as "laparoscopic segments"[@B5] ^,^ [@B8]. Currently, laparoscopic minor resections in these segments and left lateral sectionectomy have been considered the gold standard approach in specialized centres[@B5] ^,^ [@B19] ^,^ [@B28] **.** Resection of bilateral lesions, nodules in posterosuperior segments or in central locations in the liver (segments 1, 4a, 7 and 8), and major hepatectomies (resection of ≥3 contiguous segments) are still challenging[@B9] ^,^ [@B10] ^,^ [@B14]. However, with the increase experience and development of alternative modalities of minimally invasive liver surgery (MILS) the technical difficulties could be overcome, allowing successful major LLR, such as left and right hepatectomies[@B21]. Recently, minimally invasive surgery has also been used for living donation[@B4].

The most commonly minimally invasive modalities employed are totally laparoscopic (TLLR), hand-assisted and laparoscopy-assisted (hybrid) surgery[@B5] ^,^ [@B28]. Totally laparoscopic is the preferred approach, in this modality the procedure is carried out through laparoscopy, with an auxiliary incision made at the end of the surgery to retrieve the surgical specimen. Hand-assisted and hybrid resections were developed in order to overcome some limitations of the TLLR, and therefore expand the indications of MILS[@B8] ^,^ [@B19]. These approaches are especially useful in complex resections and centres in the early experience with MILS[@B7] ^,^ [@B9] ^,^ [@B15].

Several studies have been published demonstrating potential benefits of MILS[@B6] ^,^ [@B18]. However, the available evidence is mostly based on retrospective observational studies, which are susceptible to bias, especially selection bias. OLR is more commonly indicated for patients with worse performance status and technical demanding resections[@B9] ^,^ [@B20].

Furthermore, in many studies different modalities of MILS are included in the same comparison group[@B6]. There are few studies that evaluate specific modalities of MILS[@B1] ^,^ [@B9] ^,^ [@B18]. Only recently randomized controlled trials and observational studies with the methodological concern of sample matching were published comparing the results of MILS and OLR[@B1] ^,^ [@B9] ^,^ [@B12] ^,^ [@B29].

The aim of this study was to compare the perioperative results (up to 90 days) of patients undergoing TLLR with contemporary patients undergoing OLR, paired by propensity score matching (PSM).

METHODS
=======

The Institutional Ethics Committee approved this research protocol. This study was conducted following STROBE (Strengthening the Reporting of Observational studies in Epidemiology) recommendations[@B27].

From a prospective database consecutive adults patients submitted to OLR and TLLR for primary and secondary lesions between June 2008 and January 2016 were evaluated. The exclusion criteria were patients submitted to two-stage hepatectomy or ALPPS (associating liver partition and portal vein ligation for staged hepatectomy); hilar cholangiocarcinoma; patients submitted to hand-assisted or hybrid resections; and patients with incomplete data. The indication of the surgical procedure was carried out after discussion in a multidisciplinary meeting.

Liver resections were defined according to Brisbane terminology[@B3]. Major hepatectomy was defined as resection of ≥3 segments. OLR was defined as those performed through incisions as: J-shape incision, "Chevron" or "Mercedes" incision. In TLLR, the entire procedure was performed by laparoscopy and an auxiliary incision was performed only for specimen retrieval (usually a Pfannenstiel incision).

The following preoperative characteristics were studied: age, gender, body mass index (BMI), preoperative laboratory test, American Society of Anesthesiologists (ASA) physical status score, preoperative diagnosis, size and location of the lesions, previous abdominal surgeries, presence of chronic liver disease and portal hypertension. Regarding intra and postoperative data: type of procedure, operative time, estimated blood loss, transfusion requirement, conversion rate, length of intensive care unit (ICU) stay and length of hospital stay, postoperative complications and mortality were evaluated.The specimens obtained were assessed for the frequency of free margins and smaller distance.

Postoperative morbidity was defined as any event occurring during the first 90 postoperative days and was stratified according to the Dindo-Clavien classification[@B11]. Postoperative biliary fistula was defined following the criteria proposed by the International Study Group of Liver Surgery[@B17]. Postoperative mortality was defined as death within 90 days after liver resection.

Statistical analysis
--------------------

Continuous data were expressed as median and interquartile range or mean and standard deviation (sd). Categorical variables were expressed as percentage. For comparison of means, the t-test was used when the distribution was normal. When data were not normally distributed, the non-parametric Mann-Whitney test or Brunner-Munzel T test was used. For the categorical variables, Fisher's exact test or Chi-squared test was used. A p value\<0.05 was considered statistically significant. PSM was used to avoid possible selection bias. The propensity score model was constructed using logistic regression including all variables collected, with a set of them being significant. After this, multivariate logistic regression was used, obtaining models including groups of variables. Using the Akaike information criterion method[@B16], the model including the following variables: age, gender, diagnosis (benign vs. malignant), type of hepatectomy (minor vs. major), and presence of cirrhosis showed the best performance ([Figure 1](#f1){ref-type="fig"}). From this, the comparison groups were redefined with a proportion of 1:1 through the nearest method.

RESULTS
=======

During the study period 735 liver resections were performed. After applying the exclusion criteria, 590 were eligible for comparative analysis: 470 OLR and 120 TLLR. After match by PSM, 120 patients were included in each group ([Figure 2](#f2){ref-type="fig"}).

FIGURE 1Density plots estimated for open (dashed line) and total laparoscopic (dotted line) resection groups before and after pairing by propensity score matching using the model with the variables age, gender, diagnosis (benign vs. malignant), type of hepatectomy (minor vs. major),and presence of cirrhosis.

Clinical and surgical characteristics of OLR and TLLR groups before and after matching are shown in [Table 1](#t1){ref-type="table"}. Before matching, the groups were not homogenous with a predominance of malignant diseases (75.5% vs. 63.3%, p=0.01), fewer patients with cirrhosis (7.9% vs. 20.8%, p\<0.001), higher mean number of resected nodules (2.5±3.0 vs. 1.4±2.0, p\<0.001), more major hepatectomies (41.1% vs. 17.5%, p\<0.001) and associated procedures (22% vs. 13.5%, p=0.041)in the OLR group. Lower serum albumin level was observed in OLR group, despite both groups having values within normal range. After matching, the groups became homogenous for all baseline characteristics, with the exception of the number of resected nodules despite reducing the mean difference (2.5±3.0 vs.1.9±2.0, p\<0.001).

TABLE 1Baseline characteristics before and after propensity score matching (PSM)TLLR (n=120)OLR before PSM (n=470)pOLR after PSM (n=120)pAge (years, mean±sd)53.4±16.457.6±12.70.09755.7±15.30.312Gender (%)\
Male\
Female48 (40%)\
72 (60%)235 (50%)\
235 (50%)0.24247 (39.2%)\
73 (60.8%)1BMI (kg/m^2^, mean±sd)26.3±4.626.2±4.80.48526.0±5.20.69Diagnosis (%)\
Benign\
Malignant44 (36.7%)\
76 (63.3%)115 (24.5%)\
355 (75.5%)0.0140 (33.3%)\
80 (66.7%)0.684Cirrhosis (%)25 (20.8%)34 (7.9%)\<0.00127 (22.5%)0.875Number of nodules (mean± sd)1.4±2.02.5±3.0\<0.0011.9±2.0\<0.001Size of largest nodule (mm, mean ± sd)44.5±29.948.8±38.00.70149.1±35.40.653ASA classification (%)\
I\
II\
III\
IV33 (27.5%)\
80 (66.7%)\
7 (5.8%)\
087 (18.5%)\
337 (71.7%)\
43 (9.15%)\
3 (0.7%)0.12428 (23.3%)\
78 (65%)\
11 (9.2%)\
3 (2.5%)0.11Haemoglobin (g/dL, mean± sd)13.2±1.513.1±1.70.44613.1±1.60.492Platelet count (10[@B3]/mm^3^, mean±sd)221,678± 92,460213,705±\
104,5440.156224,641±\
112,8110.792Bilirubin (g/dl, mean±sd)0.6±0.30.7±1.30.5730.9±1.70.206Albumin (g/dl, mean±sd)4.5±2.34.1±0.50.0044.2±0.50.061INR (mean±sd)1.1±0.11.0±0.20.4741.1±0.30.5Creatinine (mg/dl, mean±sd)0.8±0.20.9±0.70.1610.9±0.60.724Type of resection (%)\
Bisegmentectomy2-3\
Bisegmentectomy 6-7\
Right hepatectomy\
Left hepatectomy\
Segmentectomy\
Wedge resections\
Other resections37 (30.8%)\
7 (5.8%)\
19 (15.8%)\
2 (1.67%)\
11 (9.2%)\
43 (35.8%)\
1 (0.8%)36 (7.7%)\
18 (3.8%)\
109 (23.4%)\
68 (14.5%)\
38 (8.1%)\
150 (31.9%)\
34 (7.2%)17 (14.2%)\
5 (4.2%)\
16 (13.3%)\
9 (7.5 %)\
11 (9.1%)\
48 (40%)\
3 (2.5%)Major hepatectomy (%)21 (17.5%)193 (41.1%)\<0.00126 (21.7%)0.515Associated procedures(%)16 (13.5%)103 (22.0%)0.04118 (15%)0.853[^2]

FIGURE 2Flowchart of patients included in the studyALPPS=Associating liver partition and portal vein ligation for staged hepatectomy; OLR=open liver resection;TLLR=total laparoscopic liver resection

Perioperative results are shown in [Table 2](#t2){ref-type="table"}. After matching, patients submitted to TLLR showed shorter operative time (286.8±133.4 min vs. 352.4±141.5 min, p\<0.001); less ICU requirement and shorter ICU stay (1.9±1.2 days vs. 2.5±2.2 days, p=0.031). An average reduction of almost four days in the length of hospital stay (5.8±3.9 days vs. 9.9±9.3 days, p\<0.001) was observed. Additionally, we found a significant reduction (45%) in perioperative complications (19.2% vs. 35%, p=0.008). There was no difference in rates of major complications, biliary, pulmonary or wound-related complications.No difference on the clearance of surgical margins between techniques was found. In fact, TLLR group showed larger resection margins than patients undergoing OLR (12.4±13.7 mm vs. 5.8±5.5 mm, p\<0.001).

TABLE 2Perioperative results before and after propensity score matching (PSM)TLLR (n=120)OLRbefore PSM (n=470)pOLRafter PSM (n=120)pBlood loss (ml)\
Mean±sd\
Median (interquartile range)553.8±553.8\
225 (92-800)777.9±890.2\
500 (300-975)0.004680.7±663.5\
500 (250-800)0.055Transfusion (%)16 (13.3%)83 (17.7%)0.27715 (12.5%)0.853Operative time (min)\
Mean±sd\
Median (interquartile range)286.8±133.4\
265 (180-375)385±133.4\
375 (290-465)\<0,001352.4±141.5\
315 (255-420)\<0.001ICU (%)91 (75.8%)437 (93.2%)\<0.001111 (92.5%)\<0.001ICU stay (days)\
Mean ± sd\
Median (interquartile range)1.9±1.2\
1.5 (1-2.8)2.7±2.3\
2 (1-3)\<0,0012.5±2.2\
2 (1-3)0.031Hospital stay (days)\
Mean±sd\
Median (interquartile range)5,8±3,9\
5 (3-8)9,9±8,9\
9 (6-11)\<0,0019,9±9,3\
9 (7-10)\<0,001Morbidity^a^ (%)23 (19.2%)164 (34.9%)\<0.00142 (35%)0.008Major complications^a,b^ (%)5 (4.2%)50 (10.6%)0.00311 (9.2%)0.194Wound-related complications^a^ (%)2 (1.7%)16 (3.4%)0,555 (4.2%)0.446Biliary complications^a^(%)4 (3.3%)16 (3.4%)15 (4.2%)1Pulmonary complications^a^ (%)4 (3.3%)44 (9.3%)0,03710 (8.3%)0.166Mortality^a^ (%)020 (4.3%)0,0063 (2.5%)0.122Margins (%)\
Free\
Compromised118 (98.3%)\
2 (1.7%)433 (92.1%)\
37 (7.9%)**0,012**114 (95%)\
6 (5%)0.281Margin (mm)\
Mean±sd\
Median(interquartile range)12.4±13.7\
9 (5-15)6.8±7.5\
4 (2-10)\<0.0015.8±5.5\
4,5 (2-7.8)\<0.001[^3]

DISCUSSION
==========

Initial development of MILS was slow, withheld by many barriers[@B8] ^,^ [@B26]. The first limit to be overcome was the translation of open techniques to the laparoscopic approach such as liver mobilization, vascular control and parenchymal transection. Additionally, other paradigms needed to be broken such as the risk of massive bleeding, the theoretical increased risk of gas embolism secondary to pneumoperitoneum, and concerns about oncological outcomes[@B8] ^,^ [@B24].

The first LLR were described at the beginning of the 1990s, and were basically wedge resections of peripheral lesions[@B22]. Subsequently, anatomic resections, such as left lateral sectionectomy and major hepatectomies were reported[@B2] ^,^ [@B10]. The good initial results achieved at the beginning of the 2000s showed that MILS are both feasible and safe.

Over the past decade an increasing number of studies have been published comparing perioperative results of LLR and OLR, confirming the safety and potential benefits of minimally invasive surgery. A recent systematic review, including 43 comparative studies, showed that LLR are associated with lower blood loss, shorter hospital stay and fewer perioperative complications[@B6]. However, most of the studies included were retrospective, and therefore liable to selection bias.

For this reason, one of the main criticisms of studies showing the benefits of LLR is that the results can be influenced by the intrinsic bias of observational studies. High quality data from randomized trials is the best way to overcome this limitation; however, at present there are only two randomized controlled trials published, both addressed to the comparison of open and laparoscopic left lateral sectionectomy[@B12] ^,^ [@B29]. The first by Ding et al.[@B12] was a single centre study including patients treated for hepatolithiasis. The second (ORANGE II Trial)[@B29] was unable to randomise a sufficient number of patients over four years, and was interrupted with a small number of participants. This shows that, despite being the best scientific evidence for the evaluation of the results of LLR, randomized controlled trials are difficult to conduct in clinical practice. In this context, international registries and well-designed observational are the most appropriate ways to produce evidence supporting LLR.

Only recently observational studies with high methodological quality have been published[@B1] ^,^ [@B9] ^,^ [@B25]. Matching methods allows the comparison of groups with less risk of bias. In our study we observed that after PSM both groups were homogeneous regarding the main clinical and surgical characteristics. It is worth highlighting that diagnosis (benign vs. malignant), the presence of chronic liver disease and type of procedures carried out were similar between the groups.

In a recent systematic review, Zhang et al.[@B30] included 10 high quality observational studies, which compared OLR and laparoscopy in patients with colorectal liver metastasis, observing a 43% reduction in perioperative complications, a similar result to that found in our study. They also showed lower blood loss, lower rate of blood transfusions and shorter hospital stay despite longer operative time. Regarding the oncological results, there was no increase in compromised margins, with a similar five-year overall survival and disease-free rates between the groups.

In contrast with other authors[@B6] ^,^ [@B30], a shorter operative time for patients submitted to laparoscopy was observed in our study. This finding can be explained by the increased experience with MILS; our programme started in 2005, and currently carries out over than 400 minimally invasive hepatectomies. This means that the learning curve has been overcome and surgical steps has been standardised for a variety of minimally invasive procedures, which entails a significant reduction in operative time[@B9]. Recent studies have also demonstrated shorter operative time in patients submitted to LLR, mainly those submitted to minor resections and left lateral sectionectomy[@B19]. Ciriaet al.[@B6] analysed publications after 2010 and observed shorter operative time in patients submitted to minor LLR when compared to patients undergoing similar OLR.

Recent observational studies and meta-analyses found lower blood loss in the LLR group[@B6] ^,^ [@B9] ^,^ [@B19]. In our study, we found a marginal decrease in the estimated blood loss after PSM (553.8±553.8 vs. 680.7±663 min, p=0.055). Factors that may have influenced this reduction are the development of new energy devices for liver transection, the image magnification afforded by laparoscopy, the pneumoperitoneum and the widespread use of linear staplers for controlling glissonean pedicles and large vessels[@B1] ^,^ [@B24] ^,^ [@B26].

The reduction of hospital stay is a frequent outcome attributed to minimally invasive surgery[@B1] ^,^ [@B6] ^,^ [@B30]. Consistently, we observed a reduction of almost four days in the laparoscopic group. This finding should be interpreted as consequence of less necessity for and ICU stay, lower blood loss and lower morbidity rate[@B7] ^,^ [@B9] ^,^ [@B19].

The fear of inferior oncological results in patients undergoing LLR was not demonstrated by the available studies. The main concern was that the laparoscopic two-dimensional vision, and the loss of tactile sensation could have resulted in a higher frequency of compromised margins. However, like in our study, several authors found similar R0 resections when compared to OLR, some of them obtaining wider margins in laparoscopic group[@B6] ^,^ [@B30].

The major limitation of this study was the observational design, which can produce unbalanced groups in their baseline characteristics. For this reason, our study was designed to minimize bias. Selection bias was reduced excluding cases in which OLR is typically employed, such as two-stage hepatectomies and hilar cholangiocarcinoma. We believe that the use of a PSM equalized the groups for the main clinical, epidemiological and surgical characteristics, which made our results reliable.

CONCLUSION
==========

TLLR is feasible andsafe, when compared with well-matched patients submitted to OLR, TLLR is associated with shorter operative time, shorter ICU and hospital stay, as well as significant reduction in perioperative complications.

Laboratory of Epidemiology and Statistics, Department of Gastroenterology, University of São Paulo Medical School

**Financial source:** none

**Central Message:** Total laparoscopic hepatectomies are safe and currently performed routinely by expert surgeons. They promote shorter hospital stay and better patient recovery.
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